Here we present a detailed analysis of the properties and evolution of different dwarf galaxies, candidate to host the coalescence of black hole binary systems (BHB) generating GW150914-like events. By adopting a novel theoretical framework coupling the binary population synthesis code SeBa with the Galaxy formation model GAMESH, we can investigate the detailed evolution of these objects in a well resolved cosmological volume of 4 cMpc, having a Milky Way-like (MW) galaxy forming at its center. We identify three classes of interesting candidate galaxies: MW progenitors, dwarf satellites and dwarf galaxies evolving in isolation. We find that: (i) despite differences in individual histories and specific environments the candidates reduce to only nine representative galaxies; (ii) among them, ∼ 44% merges into the MW halo progenitors by the redshift of the expected signal, while the remaining dwarfs are found as isolated or as satellites of the MW and their evolution is strongly shaped by both peculiar dynamical history and environmental feedback; (iii) a stringent condition for the environments where GW150914-like binaries can form comes from a combination of the accretion history of their DM halos and the radiative feedback in the high redshift universe; (iv) by comparing with the observed catalogues from DGS and ALLSMOG surveys we find two observed dwarfs respecting the properties predicted by our model. We finally note how the present analysis opens the possibility to build future strategies for host galaxy identification.
INTRODUCTION
With the first detection of the two signals GW150914 and GW151226 (Abbott et al. 2016a,b) the LIGO Collaboration opened a new era of gravitational astronomy relying on gravitational wave (GW) observations with high signal to noise ratios (SNR): 24 and 13, respectively. These GWs, interpreted as the result of two coalescing black holes (BH), have now two similar companion events detected during the second run when Advanced Virgo (Acernese et al. 2015) joined the LIGO detectors: GW170104 (SNR = 13, Abbott et al. 2017a ) and GW170814 (SNR = 18, Abbott et al. 2017b) 1 . The masses inferred for the components of the BHB generating GW150914 are M1 ∼ 36 M⊙ and M2 ∼ 29 M⊙; BHBs associated with GW170104 (and GW170814) are massive as well, with inferred component masses of M1 ∼ 31 M⊙ (∼ 30 M⊙), M2 ∼ 19 M⊙ (∼ 25 M⊙), respectively 2 . These massive BH binary systems are believed to generate from progenitor stars with low metallicity (Belczynski et al. 2010; Dominik et al. 2013; Belczynski et al. 2016; Mapelli 2016; Lamberts et al. 2016; Abbott et al. 2016c Abbott et al. , 2017a Chakrabarti et al. 2017; O'Shaughnessy et al. 2017; Schneider et al. 2017; Stevenson et al. 2017a; Giacobbo et al. 2018) . Stellar models predict in fact that only low-metallicity progenitors can generate these massive remnants due to their weak stellar winds, and consequently reduced mass loss (Vink 2008; Mapelli et al. 2009; Belczynski et al. 2010; Spera et al. 2015; .
The metallicity of the stars, combined with the redshift of the signal and an estimate of the binary coalescence time, can also constrain the galactic environment in which these massive BHBs are allowed to form. For example, if GW150914 had merged in a short time, it could have formed in a low-metallicity, low redshift dwarf galaxy (Abbott et al. 2016c; Belczynski et al. 2016 ). Conversely, a longer merging time would have allowed its formation in a wider class of galaxies at high redshift, where lowmetallicity environments are more common (Lamberts et al. 2016; O'Shaughnessy et al. 2017; Schneider et al. 2017; Mapelli et al. 2017) . Also note that the detected signals do not provide sufficient constraints on alternative scenarios on the formation of these binaries, either dynamical or isolated (Abbott et al. 2016c and references therein). Future detections of black hole spins could help disentangling them, as discussed in Mandel & O'Shaughnessy (2010) ; Farr et al. (2017b) ; Stevenson et al. (2017b) . Finally, it is worth mentioning that GW150914 and GW170104 could be explained also by alternative scenarios as highlighted in Sasaki et al. (2016) ; D 'Orazio & Loeb (2017) ; Broadhurst et al. (2018) , and references therein.
After the first detection, a series of studies investigated conceivable formation environments of these massive binaries and their merger rates by adopting different approaches (see for example Belczynski et al. (2016) ; Dvorkin et al. (2016) ). Recent models based on galaxy scaling relations (Lamberts et al. 2016; Elbert et al. 2018 ) suggest a low redshift BHB merger rate as a function of the present-day host galaxy mass, while O'Shaughnessy et al. (2017) predict a BHB merger rate in dwarf and massive galaxies by adopting cosmological simulations of galaxies evolving down to z = 0.
Models combining BHBs population-synthesis codes with cosmological simulations have been introduced by many authors by post-processing cosmological simulations. Mapelli et al. (2017) post-processed the Illustris cosmological simulation (Vogelsberger et al. 2014 ) with the results of novel population-synthesis simulations performed with the code MOBSE (Giacobbo et al. 2018) , to investigate the cosmic history of BHB mergers on a cosmological scale of ∼ 100 cMpc. They find that most of the GW150914-like systems that merge in the local Universe formed at high redshift with a long delay time. Lamberts et al. (2018) coupled the same population synthesis model with a high-resolution hydro-dynamical zoom-in simulation of a MW-like galaxy hole binaries, GW170729, GW170809, GW170818, GW170823, we comment this recent result in Section 5. (Wetzel et al. 2016) to provide an estimate of the number of BHBs mergers.
A hybrid theoretical framework to study the formation and coalescence sites of BHBs in a self-consistent cosmological evolution was introduced in Schneider et al. (2017) (hereafter SC17) . This approach is based on the coupling between the GAMESH pipeline (Graziani et al. 2015, GR15 ) and the population synthesis code SeBa (Portegies Zwart & Verbunt 1996; Nelemans et al. 2001; Mapelli et al. 2013; Mapelli & Zampieri 2014) , and allows to perform a Monte Carlo simulation of BHB formation on top of a high-resolution dark matter (DM) run. In this way is it possible to describe the evolution of DM halos and their hosted galaxies in a highly resolved cosmic volume of 4 cMpc. This volume is selected to contain a Milky Way-like halo in its center and a statistically significant population of companion and satellite galaxies (mostly of dwarf type). The simulation evolves from z ∼ 20, down to the Local Universe (z = 0) through a complex interplay of mechanical, chemical and radiative feedback (the interested reader can find more details in the next section or in the original references: GR15, Graziani et al. (2017) (GR17), Ginolfi et al. 2018 ). Thanks to the high mass resolution of the embedded N-Body simulation, GAMESH can follow the baryonic evolution of structures down to a minimum mass of ∼ 3.4 × 10 7 M⊙. These galaxies are the best candidate to host events of star formation in low-metallicity environments (hence massive BH formation).
SC17 find that ∼ 50% of GW150914 and ∼ 60% of GW151226 binary systems are hosted in galaxies that are MW progenitors at the event redshifts. These have masses of M⋆ ∼ 4 × 10 10 M⊙, metallicity Z ∼ 0.4Z⊙ and form stars at rates of ∼ 5M⊙/yr. Moreover, 10% of GW150914-like systems are found in very small galaxies, with M⋆ ∼ 5 × 10 6 M⊙ where star formation is suppressed by feedback effects.
In the present work we investigate the evolution of representative galaxies hosting GW150914-like events, also found in SC17 and provide details on their baryonic and dynamical properties as well as on their evolutionary pathways. We finally search for galaxies with similar properties in observational samples (see Section 3).
The plan of the paper is as follows. In Section 2 we briefly describe the galaxy formation simulation, while Section 3 describes the observational data-set we adopted to compare simulated dwarfs with observed ones. The properties of galaxies hosting the birth and the coalescence of BHB systems associated with GW150914-like events are discussed in Section 4. In particular, by following the merger tree of GAMESH, we can describe both the dynamical and baryonic evolution of the galaxies in which GW150914-like binaries live. A comparison with two observed dwarfs is then made. Finally, we discuss the properties of the most interesting evolutionary channels of the selected dwarfs: they are followed from their formation redshift, down to the epoch at which the GW150914-like binary forms. Section 5 summarizes our conclusions.
THE GALAXY FORMATION SIMULATION
The galaxy formation simulation adopted in this paper is detailed in GR17 and was run with the hybrid pipeline GAMESH introduced in GR15. By interfacing a DM zoom-in simula-tion 3 of an isolated MW-like halo with a data-constrained semi-analytic model, the latest version of GAMESH is capable to perform fast galaxy formation simulations accounting for the baryonic evolution of the MW and its surrounding galaxies under different chemical and radiative feedback schemes.
The central Milky Way halo is predicted to have a correct mass value (MMW ∼ 1.7 × 10 12 M⊙), as well as structural properties and cosmic evolution in agreement with recent cosmological simulations (see GR17 for more details). As added value, the simulated volume provides a statistically significant number of well resolved mini-and Lyα-cooling halos 4 orbiting the central MW, despite the fact that the adopted N-Body simulation was not performed to ensure the structural and dynamical properties observed in the Local Group. Hereafter we will refer to this 4 cMpc cosmic region as the "LG" of the present simulation. The good statistic of our LG allows us to explore the dynamical evolution of a large sample of mini-halos (∼ 2800) surviving the MW potential at z = 0 through dynamical interactions. In addition, many Lyα-cooling halos having DM masses compatible with structures hosting intermediate mass galaxies (as the observed M32, M33 or LMC-type galaxies) are present and can be studied with a high level of detail.
As the star formation in GAMESH is calibrated to ensure that the MW galaxy has the observed values of stellar, gas and metal mass (hereafter M⋆, Mgas, MZ ) at z = 0, the stellar populations of the main galaxy can be described with a high level of accuracy and their history explored in detail. Furthermore, the properties of the surrounding structures satisfy a large number of observational constrains: the observed galaxy main sequence, the mass-metallicity and the fundamental plane of metallicity relations in 0 < z < 4. Moreover, GAMESH accounts for the correct stellar mass evolution of candidate MW progenitors in 0 z 2.5, although their star formation rate and gas fraction follow a shallower redshift dependence (GR17 and Appendix A).
The coupling with the binary population synthesis code SeBa (in its modified version by Mapelli et al. 2013; Mapelli & Zampieri 2014 ) is described in SC17 and Appendix B. SeBa simulates different channels of binary system formation in 11 bins of gas metallicity, sampling the range 0.01Z⊙ Z 1Z⊙. For each simulation, N = 2 × 10 6 binaries are explored, having initial physical properties randomly selected from independent distribution functions (for more details on the simulated samples adopted in this study see 3 The simulation was performed with the numerical scheme GCD+ (Kawata & Gibson 2003; Kawata et al. 2013 ) and ensures a DM particle mass mp = 3.4 × 10 5 M ⊙ in a well resolved volume of 4 cMpc centered in the MW-like halo. Halos are resolved by a FoF algorithm with a minimum of 100 particles and the selected volume is smaller than the global region contaminated by high-resolution particles only (a cube of about 5 cMpc/side) This choice also ensures that the dwarfs described at the borders have a reasonable stable close dynamical environments and are correctly dynamically bounded. 4 Halos are usually classified on these two categories depending on their virial temperature (T vir ). if T vir 2 × 10 4 K the halo is considered a mini-halo, otherwise it is classified as a Lyα-cooling halo. Note that in the GAMESH feedback scheme this property is used to establish its capability to form stars by fueling gas from the surrounding environment See GR15 and references therein for a more detailed explanation of the radiative feedback scheme.
Appendix B). Thanks to the particle-based merger-tree of GAMESH, sites of BHB formation and coalescence can be univocally linked and followed through their cosmic evolution. For example, halos found in the coalescence redshift range predicted by the LIGO GW150914 detection can be followed back in time and their history reconstructed through dynamical events (i.e. mergers/tidal interactions/halo disruptions) and baryonic evolution of the galaxies (e.g. star formation/metal pollution). The formation of binaries along the cosmic evolution is accounted for by applying a certain binary fraction to the newly formed stellar mass and by randomly sampling systems from the SeBa database until the mass in binaries is exhausted. As a result, many binary system types (often repeated with a certain multiplicity) are associated with each galaxy during episodes of star formation (i.e. at each star forming reshift z f ). Note that the newly created binaries at z f are followed in their stellar evolution consistently with galaxy assembly of their hosts under the assumption that, once formed, they just live in their halos/-galaxies and evolve in their descendants following the DM merger tree. It should be noted that hydrodynamical interactions perturbing these systems within the galaxy cannot be accounted for in our model. The reader interested in more technical details is referred to Appendix C.
In this paper we consider only binaries created with masses compatible with GW150914-like events, with the additional requirement that the coalescence redshift zc is found within the LIGO detection interval. Their hosting galaxies and DM halos are selected to guarantee that at z f : (i) they are star forming (i.e. SFR > 0), (ii) in order to form GW150914 binaries their gas metallicity is sub-solar (Z 0.5Z⊙) (iii) their newly formed stellar mass in binaries includes at least one system with the appropriate mass ratio of GW150914 5 and finally, (iv) the lifetime of their candidate binaries allows a coalescence in the redshift range inferred by LIGO.
Finally note that each system is identified and traced as unique combination of the binary system ID (provided by SeBa), halo ID and evolutionary channel ID (gID, provided by the GAMESH merger tree).
OBSERVATIONAL DATA SAMPLE
Once the dwarf galaxies hosting GW150914-like binaries were found in the GAMESH simulation, we searched for observed galaxies with similar properties in the Dwarf Galaxy Survey (DGS; Madden et al. 2013) and APEX low-redshift legacy survey of molecular gas (ALLSMOG; Cicone et al. 2017) . The DGS, extensively described in the Dwarf Galaxy Survey Overview by Madden et al. (2013) and by Rémy-Ruyer et al. (2014 , is a sample of 48 local lowmetallicity and low-stellar mass galaxies, with metallicity ranging from 12 + log(O/H) = 7.14 to 8.43 and stellar masses from 3 × 10 6 to ∼ 3 × 10 10 M⊙. The DGS sample was selected from several deep optical emission line and photometric surveys including the Hamburg/SAO Survey and the First and Second Byurakan Surveys (e.g., Izotov et al. 1991; Ugryumov et al. 2003 ). The gas-phase metallicity of the DGS galaxies, listed in Rémy-Ruyer et al. (2014) , are provided by empirical strong emission-line methods (Madden et al. 2013) , obtained through the R23 ratio with the Pilyugin & Thuan calibration (Pilyugin & Thuan 2005) . The stellar masses are computed by Madden et al. (2014) adopting the prescription of Eskew et al. (2012) and the Spitzer/IRAC luminosities at 3.6 µm and 4.5 µm. The star formation rates (SFR) are computed combining two of the most widely adopted tracers: the far-ultraviolet (FUV) and the Hα luminosities (Kennicutt et al. 2009 , Kennicutt & Evans 2012 . The ALLSMOG survey comprises 88 nearby, star-forming galaxies with stellar masses in the range 10 8.5 < M * /M⊙ < 10 10 , and gas-phase metallicity 12 + log(O/H) > 8.4. This sample is entirely drawn from the MPA-JHU 6 catalogue of spectral measurements and from the galactic parameters of the Sloan Digital Sky Survey, Data Release 7 (SDSS DR7; Abazajian et al. 2009 ). The metallicity adopted here is computed through the N2 calibration provided by Pettini & Pagel (Pettini & Pagel 2004) ). Stellar mass and SFR values come from the MPA-JHU catalogue, where Mstar is computed from a fit to the spectral energy distribution (SED) obtained using SDSS broad-band photometry (Brinchmann et al. 2004; Salim et al. 2007) , and the SFR is based on the Hα intrinsic line luminosity following the method of (Brinchmann et al. 2004 ). Together, these two samples of nearby galaxies span a wide range of physical properties (∼ 2 dex in metallicity, ∼ 4 dex in stellar mass and ∼ 3.5 in star formation rate), providing a suitable benchmark for comparisons with our simulation (see Appendix A).
RESULTS
In this section we summarize our results. Section 4.1 describes the properties and evolution of the most representative galaxies hosting the formation of candidate BHBs at various z f . Once identified, they are followed down to their descendant galaxies at zc, where these binaries coalesce generating GW150914-like signals. A comparison with observed analogues is then provided in Section 4.2. Finally, Section 4.3 investigates the early evolution of three interesting candidate dwarf galaxies predicted by our model.
Evolution of formation and coalescence hosts
Here we describe the properties of both dark matter halos and galaxies in which binary systems generating GW150914-like events form. We also connect them with their descendants by following their dynamical evolution through the GAMESH merger tree, until zc is reached and these galaxies can be identified as coalescence sites. (Tvir) and the distance dMW of each halo from the central MW. Figure 1 complements this table by providing the DM mass (M h ) of the halos at z f and zc. Formation halos are shown as blue dots and connected to the coalescence ones (asterisk-like shapes) by arrows. Cyan and light-yellow shaded areas represent the redshift ranges of formation (2.36 z f 4.15) and coalescence (0.057 zc 0.103), as constrained by our simulation and by the LIGO detection of GW150914 (Abbott et al. 2016a) .
Note that the number of halos where GW150914-like binaries are able to form 7 is small with respect to the total number present in our cosmic volume: we find only 9 halos with mass in the range 3 × 10 8 M⊙ M h 2 × 10 9 M⊙ among ∼ 130000 total simulated halos (i.e. both dwarfs and MW progenitors) in the interesting redshift range. They are also spread in a wide formation redshift range as a result of the long merger times predicted for massive BHB systems (3.87 -4.2 Gyr) and of the scatter in the redshift of coalescence inferred from the data. In particular, three classes of halos hosting GW150914-like events are found in our sample: systems belonging to the main MW progenitor (MWsystems), systems belonging to MW satellites (F-systems) and halos hosting dwarf galaxies that can evolve in isolation and are not dynamically captured by the global infall onto the central Milky Way (E-systems). Note that E-systems are systematically found at the borders of our high-resolution region. Table 2 . Galaxies in which the formation of binary systems and their coalescence as BHBs occur. gID is the unique galaxy evolutionary channel identifier, z f and zc are, respectively, the redshifts at which hosted BHB form and coalescence, M⋆ is the galaxy stellar mass, SFR is its star formation rate and Z is its gas metallicity. For each quantity the galactic values at formation and coalescence of the BHBs is indicated. Four GW150914-like events are found in halos at 0.057 zc 0.087. Three are hosted by F2, F3 and E1 (see Table 1 ), while the GW150914-like system predicted at the lowest redshift (zc ∼ 0.057) comes from a BHB in MW3. The remaining five sites are found in 0.095 zc 0.103; among them, two are hosted by F1 and E2 while the other signals are found in MW progenitors. Note that MW progenitor galaxies hosts GW150914-like events with a wide range of possible formation redshift: 2.45 z f 3.93; this naturally comes from the fact that the major branch of the MW gravitationally captures a wide ensemble of objects hosting GW150914-like binaries coalescing in the LIGO redshift range. The small number of representative hosts described above allows us to perform a detailed inspection of their properties and evolutionary histories. Their initial virial temperatures are found to span a range Tvir ∼ [2.0 − 5.4] × 10 4 K with 55% of the dark matter halos having values close to the lower limit and then being fragile, in our model, to both dynamical and radiative feedback (e.g. by mass stripping / star formation suppression).
As the MW dominates the global gravitational potential of the simulated volume, the dynamical evolution of the chosen halos (i.e. both position and velocity of center of mass) is important to determine their fate. The presence of a central attractor in a small cosmic volume does not imply that all small galaxies will be embedded into the central Milky Way by zc or become close satellites. Our 4 cMpc box is in fact gravitationally constrained by a larger (and less mass resolved) volume of 8 cMpc and many small objects found at its borders are not affected by the global infalling motion. Table 1 shows that only halos residing at a distance of dMW < 120 cKpc at z f merge into the MW progenitor halo by their zc. MW-systems for example, merge into the MW before zc and the GW150914-like signal will appear to originate from a MW progenitor galaxy. F-systems, even if gravitationally fragile to tidal interactions, can survive by their zc as individual galaxies, while only F1 and F3 will remain at z = 0 as satellite dwarf galaxies orbiting the MW within dMW ∼ 12 ckpc. Systems escaping the MW gravitational potential (e.g. E1, E2) are found in our sample at a distance dMW > 2.50 cMpc from the MW at z f . They are mainly affected by the dynamics of the largest 8 cMpc scale and can evolve in isolation, increasing their DM mass by about two orders of magnitude between z f and zc. In this case the GW150914-like signal will will be hosted by isolated galaxies. In summary, among all the potential GW150914 host galaxies (asterisk-shaped data in Figure 1 ), 44% merge into the MW halo progenitors by zc, while the remaining ones survive as MW satellites or isolated galaxies. F2, F3 and Esystems are mainly hosted in intermediate-mass halos (i.e. small Lyman-α-cooling halos) with DM masses 10 10 M⊙ M h 2 × 10 11 M⊙. F1 is particularly interesting because it evolves under strong tidal interactions: during its infall it experiences mass stripping, its DM halo mass decreases, and Tvir ∼ 1.5×10 4 K by zc; F1 becomes then a non star-forming galaxy located at ∼700 ckpc from the MW.
We summarize the baryonic evolution of the galaxies living in these halos in Table 2 summarizes the galaxy properties.
All the galaxies (but the most massive MW2) have a similar initial stellar mass M⋆ ∼ 2 × 10 6 M⊙ while the stellar content of their descendants shows a large scatter. This means that their individual evolution can significantly shape their properties. For example, all the galaxies evolving in relative isolation (i.e. E-systems and F3) can easily grow (reaching M⋆ ∼ 10 9 M⊙ at zc) because they can avoid strong dynamical interactions. Under these conditions they can accumulate stellar mass and develop a mature ISM as indicated by the increase in their metallicity from Z∼ 10 −2 Z⊙, to Z 0.4 Z⊙. Also note that their final metallicity is comparable to the one of the MW progenitor, i.e. to fastest growing systems in the simulation box.
F2 and F1, on the other hand, experience a more peculiar evolution. F2 shows an increment of about two orders of magnitude in its stellar mass (note that the corresponding increase in DM mass is one order of magnitude) while having a final SFR comparable to the value at z f . This indicates that between z f and zc, F2 experienced a phase of efficient star formation, which was successively quenched as the halo entered the potential of the MW and stopped accreting gas to fuel star formation. Note that the corresponding increase in metallicity is of about one order of magnitude, i.e. from Z ∼ 0.01 Z⊙ solar to Z ∼ 0.3 Z⊙.
The history of F1 reveals an even more complex interplay of feedback processes: it is continuously stripped in DM mass during its infalling path and reaches the potential of a mini-halo at zc. This makes its capability to form stars extremely bursty and limits its total stellar mass to M⋆ ∼ 8 × 10 6 M⊙. At zc this galaxy is not forming stars (SFR = 0, note that its row in Figure 2 is absent) and it has the lowest metallicity of our sample (about a factor of three lower).
The assembly of the MW progenitor galaxies has been described in detail in GR17 and it is not discussed in this section; we then refer the interested reader to this work.
Dwarf galaxy analogues
We searched for observable counterparts of the dwarfs discussed in the previous section within the observational samples described in Section 3. To this aim, a two steps searching algorithm was adopted: first we built an initial sub-sample by selecting galaxies that match (within the observational uncertainties) at least two quantities in the M⋆-SFR (the so-called main-sequence), M⋆-Z or SFR-Z planes. Second, we picked out only the observed analogues having the third quantity differing by less than a factor of two. The resulting galaxies are then identified as plausible observable counterparts of dwarfs hosting GW150914-like events. Note that when candidate galaxies are observed at z obs slightly different from zc, we compare their properties with the descendant hosts found at simulation snapshot having a redshift zs closer to z obs . Table 3 summarizes properties of both simulated and observed galaxies matching the above requirements. For an easier reading simulated values are in bold. We find for example that descendants of E1 and F1 have properties consistent with the two systems PGC1446233 (from the ALLSMOG survey) and UGC4483 (from the DGS sample). In particular, UGC4483 is a nearby Blue Compact Dwarf (BCD) Table 3 . Observed analogues of the simulated galaxies where GW150914 are predicted to occur. Obs. is the name of the observed galaxy and gID is the unique evolutionary channel identifier. z obs is the redshift of the observed galaxy, zs is the redshift closer to z obs , while zc is the redshift of coalescence of GW150914-like event. M * is the stellar mass of the simulated/observed galaxy at zc and zs, while SFR indicates their star formation rate; note that when the galaxy does not form stars the value of log(SFR) is indicated as (-). For an easier reading simulated values are in bold.
galaxy (see Lelli et al. 2012 ) with very low stellar mass and metallicity (M⋆ ∼ 7.7 × 10 7 M⊙, Z ∼ 0.06Z⊙). It is interesting to note that UGC4483 shows extreme properties with respect to other galaxies of the same catalogue. Its total dust mass, for example, is difficult to reproduce: the observed value is M dust ∼ 280 M⊙ (Rémy-Ruyer et al. 2015), almost one order of magnitude smaller than the dust mass expected (even assuming only the contribution from stellar sources, Ginolfi et al. 2018 ) for its simulated analogue F1. Consistently with the discussion in the previous section, UGC4483 can be interpreted as a galaxy evolving under strong feedback, and showing a poorly evolved interstellar medium, with an unstable ISM molecular gas phase. Note on the other hand, that the F1/UGC4483 dust mass excess is consistent with the hypothesis of efficient dust destruction by SN shocks in our models, as detailed in Ginolfi et al. (2018) .
Finally note that the above comparison with observational data has the primary goal to show that our model predicts extremely peculiar, low metallicty objects which are not model artifacts but have observed counterparts. Also note that the simulated sample refers to a small, well resolved cosmological volume and it is not suitable to compute coalescence rates. This would require a larger cosmological volume with the same resolution to provide a statistical sample of both massive and dwarfs galaxies but to our knowledge it is beyond the current computational capabilities; we then defer this point to a future investigation.
Early evolution of formation hosts
This section explores the most interesting evolutionary histories (hereafter also referred as evolutionary channels) of Eand F-galaxies hosting GW150914-like events. The history of MW-like progenitors found in the same simulation is discussed in detail in GR17 and we refer the interested reader to this publication. As discussed in the previous section the redshift z f at which these galaxies form the candidate binaries is spread in a wide range (2.36 z f 4.15) and it is theoretically important to understand the diversity of histories leading to these peculiar environments at z f .
In Figures 3, 4 and 5 we explore the three most informative channels found in our simulation by showing the redshift evolution of the DM halo virial mass ( In all the panels, the epoch of reionization (i.e. z > 6 in our model) is indicated by a cyan shadow area. Blue dots indicate when the DM halo is a mini-halo (i.e. cannot form stars after reionization) while the star-shaped points indicate when the galaxy is hosted in a Lyman-α-cooling halo (i.e. it can form stars at any redshift because it is unaffected by radiative feedback). When the candidate galaxy has more than one progenitor, they are shown by different line colours and their separate evolution is referred as evolutionary channel (CH). When two channels converge into a single one, the halos/galaxies experience a merger event. Figure 3 shows the early evolution of F1, from the redshift of the DM halo collapse (z hc ∼ 7.7), down to z f ∼ 3.93. The halo forms at a comoving distance from the MW dMW ∼ 2.7 cMpc, with an initial mass of Mvir ∼ 6 × 10 7 [M⊙] and immediately experiences a strong tidal interaction which decreases its value by ∼ 15%. After this initial event, it continues to smoothly grow in isolation without exchanging significant mass with nearby objects, while falling toward the MW. Note that in the above redshift range its distance from the MW changes only by 300 ckpc, indicating a low infall rate. Its galaxy is allowed to form stars at z > 6 because its DM halo slowly virializes by accreting mass from the surrounding IGM and remains a mini-halo for large part of the early evolution 8 : its initial SFR is very low (SFR∼ 10 −2 [M⊙/yr]) and decreases down to SFR∼ 4 × 10 −3 [M⊙/yr] because it rapidly exhausts the available gas acquired from the IGM. Down to z ∼ 5.5 the SFR is strongly affected by radiative feedback because the halo has a virial temperature only episodically higher than Tvir ∼ 2 × 10 4 K and its star formation is definitely suppressed at z < 5.5 until the binary candidates form at z f ∼ 3.93 when the halo has acquired sufficient mass to become dynamically stable (i.e. a Lyman-α-cooling halo) and can form stars again. The redshift evolution of the gas metallicity reflects the complex interplay between dynamical growth and radiative feedback described above: before reionization the galaxy experiences an irregular increase of its gas metallicity due to the balance between decreasing SFR and increasing mass accretion, which slowly accumulates atomic metals in the gas phase until a value of Z ∼ 7 × 10 −2 [Z⊙] is reached at z ∼ 5.0. The successive long evolution is spent increasing its gas content without producing new metal mass; its metallicity decreases then down to 
Z ∼ 2×10
−2 Z⊙, allowing the GW150914 candidate to form at z f = 3.93.
The early evolution of F2 is shown in Figure 4 and results from the assembly of three mini-halos collapsed at different redshifts (z hc ∼ 6.4 (green), 5.8 (violet), 5.4 (orange)) but at a common initial comoving distance of dMW ∼ 2.4 cMpc from the MW progenitor. The redshift of formation has a strong influence on their successive evolution: two channels of F2 start at z hc < 6 and can not form stars because they are suppressed by radiative feedback before their merging event. A single episode of star formation (SFR∼ 8 × 10 −3 M⊙/yr) is allowed instead in the remaining channel only because it collapsed before reionization. As a result, the metallicity of the final halo at z f = 2.36 is very low (Z∼ 10 −2 [Z⊙]) and it is largely regulated by the accretion of metal-enriched gas.
E1 shows an alternative assembly history (see Figure 5 ): it is created by two halos evolving separately from z hc ∼ 10 (red line, CH1) and z hc ∼ 8.5 (blue line, CH2) and merging at z f = 3.38. Both halos are created with masses Mvir ∼ 2 × 10 7 M⊙ and Mvir ∼ 5 × 10 7 M⊙ respectively, and grow with a similar trend but dynamically separated: CH1 does not follow the global infall and stays along its evolution at a fixed distance dMW ∼ 2.5 cMpc from the MW. CH2 is attracted by CH1 when following the global infall. CH1 (the first virializing halo) becomes a Lyman-α-cooling type before the end of reionization and then continues to form stars during its successive evolution, while CH2, being more fragile, forms stars only before z ∼ 6 (i.e. before reionization completes). It successively experiences only sporadic episodes of star formation before merging into CH1. After their galactic merger, the first episode of star formation occurs at a rate SFR∼ 2 × 10 −2 [M⊙/yr] and also creates the candidate GW150914 system in galactic environment having a gas metallicity Z∼ 2 × 10 −2 Z⊙. Note that the dynamical interactions occurring before the merging event have a negative impact on star formation by changing their virial temperature, until the merger occurs. The result of this combined feedback is also reflected in the evolution of their metallicity: it naturally increases when the systems are star forming and successively decreases until the final merger.
DISCUSSION AND CONCLUSIONS
The identification of galaxies hosting gravitational wave events is a scientific problem of increasing interest (Nissanke et al. 2013; Fan et al. 2014; Chen & Holz 2016) and it will be at the core of future investigations in gravitational astronomy for the following, primary reasons: (i) the redshift of the GW host galaxy provides an independent estimate of the emission epoch of the GW event and will allow to use gravitational wave sources as standard cosmological sirens (Schutz 1986; Del Pozzo 2012) ; (ii) observations of the host galaxy provide constraints on the formation mechanism of the coalescing binary (Fan et al. 2014; Abbott et al. 2016c and references therein).
In the case of GW150914, different collaborations developed strategies to search for electromagnetic transients but so far, no counterparts consistent with the LIGO detection have been identified (see Brocato et al. 2017; Copperwheat et al. 2016; Díaz et al. 2016; Ackermann et al. 2016 , and references therein). The Fermi Collaboration does not detect any transient events associated with GW150914 (Connaughton et al. 2018) . Observations with the INTE-GRAL and MAXI satellites have not detected any counterpart of the LIGO event (Savchenko et al. 2016) . It should be noted that even if mergers of BHs from stellar binaries are usually not supposed to have any electromagnetic counterpart, under specific condition some circumstellar material may be left after BH merger and could generate a signal (Loeb 2016) .
In GW150914-like scenarios, in which the electromagnetic counterpart is supposed to be absent or weak, the determination of the redshift of the galaxy hosting coalescence and a theoretical estimate of the epoch of the binary formation become then of primary importance (Dominik et al. 2013 ). As we have shown in the present work, these questions require a theoretical framework capable to follow the binary systems consistently with the redshift evolution of their environments. An additional complication at this stage of our model, consists in the fact that we are not able to remove the degeneracy in our nine potential hosts and we can not identify a more probable candidate. This is because all the hosted binary systems coalesce in the redshift range of LIGO (Abbott et al. 2016a ). In principle this degeneracy could be removed by additional constraints on the physical properties of the BHB sources, for example by including the spin of the two black holes in our models. At present the GW observation of a single coalescing BHB can not strongly constrain individual BH spins (Abbott et al. 2016c ); this leaves a significant degree of uncertainty in spin estimates. However taking into account spins could be very useful to disentangle spin distribution scenarios (Mandel & O'Shaughnessy 2010; Farr et al. 2017a ). We defer this important point to a future investigation adopting an improved version of SeBa capable to follow the spin evolution of the BHBs along the cosmological evolution of the GAMESH galaxies (Marassi & Graziani in prep.) .
In this work we found that GW150915, one of the most massive binary event detected so far (see Table III in The LIGO Scientific Collaboration et al. 2018), can be hosted in a small number of representative galaxies of our local cosmic volume. Thanks to this exiguous sample, we have been able to follow the evolutionary histories of single dwarfs selected as potential GW150914 hosts. Among them we have recognized three classes of halos hosting GW150914-like events: (i) MW-systems belonging to the main MW progenitor; (ii) F-systems belonging to MW satellites; (iii) Esystems halos hosting dwarf galaxies that can dynamically escape the global infall onto the central Milky Way.
We have shown that:
• the difference in individual histories and the complexity of environmental effects imply that among 13000 available dwarfs, only nine representatives are able to host GW150914-like event.
• among them, only 44% of the galaxy candidates merge into the MW halo progenitors before the redshift of coalescence of their BHBs. The remaining galaxies are found as isolated or satellites dwarfs from which the signal could originate (but see Chakrabarti et al. 2017 for an alternative scenario); their evolution is strongly affected by both dynamical history of DM halos and environmental feedback;
• by comparing the physical properties of these candidates with observational catalogues of the DGS survey (Madden et al. 2013 ) and in ALLSMOG survey (Cicone et al. 2017) we found an extremely good agreement with two observed candidates (PGC1446233 and UGC4483). These clearly show signatures of a peculiar history and are highly shaped by feedback effects;
• we finally investigated different evolutionary histories leading to the right conditions to form GW150914-like binaries in the high-redshift universe. Alternative channels show that an evolution in isolation is not strictly required to meet a low metallicity condition at the redshift of the binary formation. A more stringent condition comes instead from a combination of their accretion history and radiative feedback in the early universe, in which they usually collapse. We then emphasize the unique role of radiative feedback in determining the early, individual star formation and enrichment histories. This point will be addressed in a future work, and in a more appropriated context of in-homogeneous reionization and spatially dependent metal enrichment.
Finally, we highlight that the novel approach adopted in our work can be applied to all the families of compact binaries predicted by different population synthesis codes, as double neutron stars and black hole-neutron stars binaries. Also consider that the very recent announcement of The LIGO Scientific Collaboration et al. (2018) reported the detection of new four massive coalescing black holes in the redshift range 0.20 z 0.48:
In light of this new data-set, a future study will enlarge our statistic sample (see Appendix B for more details) and consequently extend our analysis to account for a wider statistic in our simulations.
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APPENDIX A: THE GAMESH MODEL OF GALAXY FORMATION
GAMESH (Graziani et al. 2015 ) is a galaxy formation model based on a hybrid pipeline which consistently combines three modules: the outputs of a DM simulation, a semi-analytic model (SAM) of star formation and chemical feedback and a Monte Carlo-based radiative transfer algorithm (see Figure  1 in the original publication).
A typical run of GAMESH is based on a fixed DM simulation which describes the evolution of structures on a series of snapshots at assigned reshift zi, i ∈ 1, ..N , where zN = 0. At each zi the DM simulation provides the spatial distribution of the matter 11 in the cosmic volume and the catalogue of halos, while the SAM simulates the processes of star formation and stellar evolution (i.e. evolution of stellar populations, their mechanical feedback from winds and the chemical enrichment caused by supernova explosions)
12 . The mass exchange with the intergalactic medium (IGM) through galactic winds is accounted for as well, in terms of mass/energy exchange from all star forming galaxies and surrounding medium. Once the stellar mass is known, its metallicity and age are used to derive the spectra and emissivity of each galaxy and to compute the radiative transfer (RT) of the escaping radiation through the cosmic volume. The RT also derives the in-homogeneous gas ionization and temperature patterns in the IGM; this is finally used to determine the star formation process in the successive generations of structures, by suppressing the accretion of new gas mass in the galaxies 13 . To follow the redshift evolution down to the local universe, the above algorithm is applied at each snapshot i by deriving the initial conditions from the baryonic quantities computed at i − 1: these are transferred from ancestors to descendants by relying on a particle-based halo merger tree and consistently with the dynamical processes 11 The gas mass at z 1 is derived by scaling the DM mass with the universal baryon fraction. 12 Here we point out that the galaxy baryonic properties (e.g. mass of gas, stars and metals) are derived in each halo without adopting any scaling relation or abundance matching tecnique but by creating new stellar mass from the available gas and by following the feedback from its stellar populations. 13 Note that the RT module can be switched off in favour of a more simple and analytic feedback scheme accounting for instant reionization at fixed redshift. This configuration as assumed in this work. regulating the mass transfer, as described above (we refer to the original publications for more technical details).
The GAMESH pipeline is then capable to account for mechanical, chemical and radiative feedback during the formation and evolution of the galaxies evolving in the cosmic volume fixed by the DM simulation. Note, on the other hand, that an hydrodynamical description of the gas dynamics is missing in our model because the mass budget relies only in the scaling with dynamical interactions between DM particles (i.e. DM halo collapse, mergers, tidal stripping and halo destruction).
While the GAMESH model can run in principle on any DM simulation, the latest implementation relies on a multi-mass-resolution, zoom-in simulation of a highly resolved cosmic volume (∼ 4 cMpc/side) containing a MW galaxy forming at its center and a plethora of companions galaxies. At z = 0 we find a total collapsed mass of MDM ∼ 3 × 10 12 M⊙ distributed in 2458 halos; the MWlike halo dominates with a DM mass MMW ∼ 1.7 × 10 12 M⊙, while many companion halos are found in different mass ranges: two have a DM mass of M ∼ 10 11 M⊙ (similar to the one observed in M32 or M33), while 14 halos have a mass in 10 10 M < 10 11 M⊙; finally a third population of 98 intermediate-DM halos are distributed in the mass range 10 9 M < 10 10 M⊙. A plethora of mini-halo satellites is also found in the entire volume, with NMini ∼ 550 orbiting within 2 × Rvir from the central MW. The global statistic of objects in described in Figure 4 of the paper mentioned above. Finally note that this simulation is not meant to reproduce the dynamical properties of the observed Local Group but zooms-in on a single MW-like halo and its environment. Large scale DM simulations predict a statistical distribution of MW-like galaxies both in isolated and binary configurations; finding the ICs leading to a final dynamical configuration comparable with the Local Volume is still and active research field (see for e.g. the CLUES collaboration Carlesi et al. (2017) ). For example, the simulation adopted in this work also predicts an Andromeda-like companion of the central MW, but this is found at a distance higher than 2 cMpc and then contaminated by low-mass resolution particles. The present simulation cannot then be used to investigate the effects of MW-M31 dynamical coevolution (Garrison-Kimmel et al. 2014 ) of for a direct dynamical comparison with the observed dynamics of the Local Group (Wetzel et al. 2015) .
Despite the above limitations 14 , the accurate feedback model implemented in GAMESH has been proven to reproduce the baryonic properties of the MW galaxy and many scaling relations observed in our Local Universe. Graziani et al. (2017) have shown for example that with a unique set of efficiency parameters regulating star formation and feedback efficiency 15 it is possible to reproduce a plausible SF history of a MW-like galaxy:
• at z = 0 the GAMESH predictions are consistent with values observed in the Milky Way for both stellar, metal and gas mass as well as for its star formation rate (SFR, see Figure 5 and 6 in the original paper). Their redshift evolution is also compatible with predictions from pure SAM models based on semi-analytic merger trees (based on the extended Press-Schechter formalism) and alternative models 14 Note that new simulations based on the CLUES DM runs are under investigation. 15 We calibrate these parameters by requiring the star formation rate, the stellar and gas masses, and the metallicity of the simulated MW galaxy at z = 0 to match the observationallyinferred values of Flynn et al. (2006 ), McMillan (2011 ), Licquia & Newman (2015 , Bovy & Rix (2013) , Kubryk et al. (2015) for stellar and gas masses. The mass of metals at z = 0 is constrained by the values in Peeples et al. (2014) with a similar SF history ( e.g. model m3 of Cousin et al. (2016) );
• in the redshift range 0 < z < 4 the SFR, stellar, gas and metal masses of the MW progenitor were compared with recent studies (e.g. Papovich et al. (2015) , see Figures 7-8 in the reference paper) finding that when the mass selection includes systems at z > 1.5, they follow a stellar mass trend in good agreement with the observations, although their gas fraction have a shallower evolution in the 3 Gyr period between z = 2.5 and z = 1
16 . Also note that the more massive MW progenitor at each redshift lies within only a factor of 2 of the galaxy main sequence all the way from z ∼ 2.5 to z ∼ 0;
• we find (see Figure 9 -10 same paper) that the distribution of the most massive MW progenitors is consistent with the fundamental plane of metallicity (Hunt et al. 2012 and aligned with the fundamental metallicity relation (Mannucci et al. 2010, FMR) . These agreements with redshift-independent scaling relations involving metallicity, stellar mass and star formation rate lets us to conclude conclude that the the feedback processes implemented in GAMESH leads to results consistent with observations even in a simulated, biased region of the current Universe.
Further investigations on the chemical properties of the galaxies in the GAMESH volume can be found in Ginolfi et al. (2018) , after introducing dust production in the model. The chemical properties of these galaxies are compared with the DGS and KINGFISH (Kennicutt et al. 2011) catalogs. Figure 2 and 3 in this study clearly show that the observed sample of low-stellar and low-metallicity galaxies is well covered by our simulation.
As in the present work we extend the DGS sample with the ALLSMOG catalog and search for dwarfs hosting GW150914-like events, here we provide additional details on the statistic of star forming objects at z = 0 in our simulation 17 . In this way the reader can understand if the galaxies we found in Section 3 are peculiar or simply common, representative objects 18 . In Figure A1 we provide the statistical distribution of these halos in terms of stellar mass (left panel) and metallicity (right panel). The blue histograms represent simulated data while the range of values found in the DGS and ALLSMOG are shown as green and violet areas, respectively. The top panels of the same figure show the normalized histograms of the observed samples with same colour conventions.
The stellar mass of the GAMESH galaxies largely covers the low-end of the observed sample (log(M⋆/M⊙) > 6.5), while our small volume induces an expected, limited coverage of the high-mass population of the ALLSMOG sample (note the gap in the simulates sample between (9.8 < log(M⋆/M⊙) < 10.2)).
16 This discrepancy might be induced by the assumed Instantaneous Recycling Approximation, which affects the time evolution of individual galaxies or by the lack of in-homogeneous radiative transfer effects. 17 Note that, with this constraint, only Lyman-α-cooling halos are selected as they are the only objects with SFR(z = 0) >0 in our simulation, and then can have an observable counterpart. 18 An extended comparison of the entire dwarf sample will be the topic of a future work exploiting the RT capabilities of our pipeline. Figure A2 . The mass metallicity relation at z = 0 of both observed (violet/green) and simulated data (blue squares). The trend of the median values in the DGS survey are represented as green lines, while violet lines refer to the ALLSMOG. The scatter in the data can be inferred by the size of the error bars. The simulated galaxies are represented instead as blue squares and show that the GAMESH galaxies have a trend in good agreement with the observed relation.
Our sample does not show any star forming galaxy with Z < 7.75 while it entirely covers the rest of the DGS and the low stellar mass tail of the ALLSMOG survey. Low metallicity, star-forming objects are then missing at z = 0 in our simulation and this could derive from the absence of important hydrodynamical details in predicting the efficiency of galactic winds in these extreme dwarfs. Other feedback effects could also have some role in establishing the configuration of these galaxies at z = 0: the IRA approximation adopted in run can certainly induce a systematical early enrichment of all the galaxies because it does not account for the time dependence in their stellar evolution. We defer these points to future investigations when the full feedback model of GAMESH will be exploited in the current high-resolution DM simulation and the relative contribution of all the approximations mentioned above could be better established. Finally note that the remaining range of observed metallicity is well covered by our sample, with the usual bias in high mass objects due to the small volume of our simulation.
The mass metallicity relation at z = 0 of both observed and simulated data is shown in Figure A2 . The trend of the median values in the DGS survey are represented as green lines, while violet lines refer to the ALLSMOG. The scatter in the data can be inferred by the size of the error bars. The simulated galaxies are represented instead as blue squares and show that the GAMESH galaxies have a trend in good agreement with the observed relation (also see the original paper for a comparison with Mannucci et al. 2010 ) while the simulated metallicity seem systematically higher than the observed one. It should be noted, on the other hand, that the DGS sample is well known to lie slightly below the M-Z, due to a combination of metallicity calibration and high star formation rate efficiencies; starburst galaxies in fact, usually exhibit lower Z at fixed M⋆ (see for example Mannucci et al. 2010; Bothwell et al. 2016 ).
APPENDIX B: THE SEBA DATABASE
In this study we adopt the BPS code SeBa, recently modified by Mapelli et al. (2013) to explicitly account for a metallicity-depend evolution of the stars, of their stellar winds and the formation of their remnants; the other aspects of the binary evolution are instead unchanged with respect to the original version developed by Portegies Verbunt 1996 and Nelemans et al. 2001 . In our GAMESH extension, SeBa has been used to generate many databases of binary systems spanning different ranges of configurations by mimicking the strategy described in Schneider et al. (2017) , where the evolution of a large number of binary systems has been simulated in 11 different values of the star metallicity, covering the range 0.01 Z/Z⊙ 1. Their initial properties were randomly selected from independent distribution functions. In particular:
• the primary stellar mass, mp, is distributed according to a Kroupa Initial Mass Function (IMF, Kroupa 2001) sampled in a suitable mass range, while the mass of the secondary star, ms, is generated according to a flat distribution for the mass ratio q = ms/mp with 0.1 < q 1;
• the initial semi-major axis (sma) distribution is flat in log(sma) (see Portegies Zwart & Verbunt 1996) , ranging from 0.1 R⊙ (Roche lobe contact), up to 10 6 R⊙;
• the eccentricity of the binary is selected from a thermal distribution f (e) = 2e in the [0, 1] range (Heggie 1975) .
To obtain a significant statistic of the most massive candidates, here, a series of new databases has been generated in the IMF mass range [8.0, 100] M⊙, while keeping the other initial conditions. Table B1 summarizes the properties of the various databases described in this section. In DBID = 1 N b = 2 × 10 6 systems are appropriate to provide a variegate statistic of the evolution of high mass component binary systems at low metallicity. The resulting number of candidates potentially generating the GW150914-like signals is ≈ 290 in the three bins shown in table, while drop to zero at Z > 0.05 Z⊙. A second database of N b = 2 × 10 7 samples the IMF in [0.1, 100.0] M⊙ and provides only 10 suitable systems, indicating sampling a wider mass range is not sufficient to capture the statistic of high-mass binaries. Finally, DBID = 3 finds more than 2900 massive systems, providing the right statistic in which higher mass components could be found as suggested by The LIGO Scientific Collaboration et al. (2018) , and will be useful for further investigations.
Before concluding this section we point out that the generation of each randomly sampled SeBa database (at fixed metallicity) has its internal random noise depending on the specific choice of initial parameters. Its statistical representativeness must then be tested across different realizations relying on different chains of random numbers. Table B2 . SeBa databases convergence in number of predictions for binaries compatible in mass with GW150914 event (NGW150914 ). The Database ID (DB ID) refers to the one in Table B1 and the seed unique ID used to extract a random chain of the RNG adopted by SeBa is indicated with RNG seed ID and it is consistent across realizations. The convergence in N GW 150914 is shown for the metallicity bins [0.01, 0.05] Z ⊙ of DBID = 1 and for Z=0.01 Z ⊙ of DBID=2.
(RNG) seed. For example, we show that 5 realizations of 2 metallicity bins of DBID = 1 provide quite stable number of predicted high-mass binaries (≈ 290) because of the large number of sampling systems available in the mas range [8.0, 100] M⊙. In the case of DBID = 2, spanning a wider range of stellar masses, the number of predicted systems remains instead too low, as they are found between 5 and 15. Table C1 . GAMESH runs associating star forming halos with new binaries at z ≈ 4.0. In each table row we show the unique run identifier (RunID), the unique RNG seed adopted for each run (RNG Seed ID), the identifier of the adopted SeBa database (DBID) as in Table B2 , the number of halos hosting their formation (NfH) and finally the number of different binary systems corresponding to good candidates to generate GW150914 at coalescence (NGW150914 ).
We conclude this appendix by testing the statistical robustness of the dwarfs sampling discussed in the present work. In fact, the binary systems association procedure is implemented with a random sampling strategy and its convergence must be verified. For this reason, we ran the association in galaxy dwarfs with different chains of the RNG and tested the resulting formation sites on a series of randomly selected redshift snapshots. These results are summarized in Table C1 for a case at z ≈ 4 and two random realizations.
The newly formed stellar mass was sampled from DBID = 1, providing a large variety of binary channels with masses compatible with the predictions for GW150914. The number of formation halos (NfH) involved in both realizations is compatible as they are 20 and 26 respectively, and all the dwarfs categories analyzed in this paper (E-systems, Fsystems, MW-systems) are well represented in each obtained sample. Also note that they host a compatible number of binary candidates (NSeBa Ids ), i.e. 18 and 21. The last column (NGW150914 ) shows that 5 and 8 of those events can be found as GW150914-like coalescing events as constrained by their coalescence time. Note that to study the evolution of the dwarfs hosting these systems, we selected representative histories found in the entire sample and belonging to both random realizations.
